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CHAPTER. 1 Introduction to Measurement

Unit 1 Definition of Measurement and Measurement Theory

Before reading the text below, try to answer the following questions;
1. What is necessary but not sufficient definition, and how to give a necessary
and sufficient definition to measurement?
2. What is a satisfying definition and under what condition can a definition of
measurement be considered as a satisfying one?
. What a concept is the measurement established based on?

3

4. What a point on measurement results is set up in this theory?
5. What is the theoretically restricted definition of measurement?
6

. What is an empirical relational system?

1. Definition of Measurement

A possible operational description of the term measurement which agrees with our intui-
tion is the following: “measurement is the acquisition of information”; the aspect of gather-
ing information is one of the most essential aspects of measurement; measurements are con-
ducted to learn about the object of measurement; the measurand. This means that a meas-
urement must be descriptive with regard to that state or that phenomenon in the world a-
round us which we are measuring. There must be a relationship between this state or phe-
nomenon and the measurement result. Although the aspect of acquiring information is ele-
mentary, it is merely a necessary and not a sufficient aspect of measurement: when one reads
a textbook, one gathers information, but one does not perform a measurement.

A second aspect of measurement is that it must be selective. It may only provide infor-
mation about what we wish to measure (the measurand) and not about any other of the many
states or phenomena around us. This aspect too is a necessary but not sufficient aspect of
measurement. Admiring a painting inside an otherwise empty room will provide information
about only the painting, but does not constitute a measurement.

A third and necessary aspect of measurement is that it must be objective. The outcome
of the measurement must be independent of an arbitrary observer. Each observer must ex-
tract the same information from the measurement and must come to the same conclusion.
This, however, is almost impossible for an observer who uses only his/her senses. Observa-

tions made with our senses are highly subjective. Qur sense of temperature, for example, de-



pends strongly on any sensation of hot or cold preceding the measurement. This is demon-
strated by trying to determine the temperature of a jug of water by hand. If the hand is first
dipped in cold water, the water in the jug will feel relatively warm, whereas if the hand is
first dipped in warm water, the water in the jug will feel relatively cold. Besides the subjec-
tivity of our observation, we human observers are also handicapped by the fact that there are
many states or phenomena in the real world around us which we cannot observe at all (e. g.
magnetic fields), or only poorly (e. g. extremely low temperatures or high-speed movement) .
In order to guarantee the objectivity of a measurement we must therefore use artefacts (tools
or instruments) . The task of these instruments is to convert the state or phenomenon under
observation into a different state or phenomenon that cannot be misinterpreted by an observ-
er. In other words, the instrument converts the initial observation into a representation that
all observers can observe and will agree on. For the measurement instrument’s output,
therefore, objectively observable output such as numbers on an alpha-numerical display
should be used rather than subjective assessment of such things as colour, etc.. Designing
such instruments, which are referred to as measurement systems, is the field of (measure-
ment) instrumentation.

In the following, we will define measurement as the acquisition of information in the
form of measurement results, concerning characteristics, states or phenomena (the measur-
and) of the world that surrounds us, observed with the aid of measurement systems (instru-
ments) . The measurement system in this context must guarantee the required descriptive-
ness, the selectivity and the objectivity of the measurement. We can distinguish two types of
information: information on the state, structure or nature of a certain characteristic, so-
called structural information, and information on the magnitude, amplitude or intensity of a
certain characteristic, so-called metric information. The acquisition of structural information
is called a qualitative measurement, the acquisition of metric information is called a quantita-
tive measurement. If the nature of the characteristic to be measured is not (yet) known, it
must be determined first by means of a qualitative measurement. This can then be followed

by a quantitative measurement of the magnitude of the respective characteristic.

2. Measurement Theory

In the previous section we have seen that measurements form the essential link between
the empirical world and our theoretical, abstract image of the world. This concept forms the
basis of a theory of measurement. In this theory a measurement result is considered to be a
representation of the actual empirical quantity. Measurement theory treats measurements as
a mapping of elements of a source set belonging to the empirical domain space (see Fig. 1. 1)
onto the elements of an image (or outcome) set which is part of the abstract range (or im-
age) space®. The quantity to be measured (the measurand) is an element of the source set.
For instance, in the electrical domain we measure electrical current (source set) but only
within a certain range of magnitude (elements) . The result of the measurement process® is

abstract; it forms an element of the image set in the abstract range space. For example, the



magnitude of the electrical current to be measured in the above example is (by measurement)
assigned a certain number (element) out of the set of real numbers (image set) . In other
words, the elements of the source set are empirical characteristics of states and phenomena of
the world around us; the elements of the image set are symbols of the abstract image set of
symbols. The symbols can be numbers (quantitative measurements) but can also be, for ex-

ample, names (quantitative measurements) .

(empirical) | (abstract)
domain space transformation ~ fange or 1mage space
elements - | clements
s | oD i
source set.S | image set /

Fig. 1.1 Measurement constitutes the mapping between an
empirical domain and a range space

Restricting the definition of measurement further, measurement theory states that
measurement is the mapping of elements from an empirical source set onto elements of an ab-
stract image set according to a particular transformation function. The transformation func-
tion consists of the assignment algorithms, rules or procedures that define the representation
of empirical quantities by abstract symbols. In practice the assignment algorithm, rule or
procedure is implemented by the employed measurement system. The measurement system-
therefore determines the representation. As stated earlier, this representation must be done
in a descriptive, objective and selective way. Thus, the image set must consist of elements
(measurement outcomes) which are abstract symbols with a unique meaning about which, by
definition, all observers agree.

A measurement must be descriptive. In measurement theory this is described in terms of
set theory: the relations that exist between the elements of the source set must be maintained
under the transformation in the image set, for example, ‘larger than’, ‘equal to’ and
‘smaller than” . The set of relations between the elements of the source set is referred to as
the relational system (of the source set) .

This empirical relational system determines the structure of the source set. Likewise, an
abstract relational system determines the structure of the image set ({for instance, the set of
relations that apply to the set of integer numbers) . A measurement (representation) is now
called descriptive if the relational system or structure of the empirical source set is invariant
under the transformation (measurement) . The measurement only represents that which is
measured if the two relational systems are identical; otherwise information is lost in the map-
ping. An example is measuring with a very low resolution; two different current magnitudes

are mapped onto the same outcome, and are indistinguishable from each other.

Selected from “Electronic measurement and instrument, by Klassen, Klass B. , Cambridge University Press,
1996” .
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Words and Expressions

operational description ¥:{EHiR

acquisition of information {58 % &

object of measurement F& H#5

measurand n. PR [(HH, RE], #HEXIR
measurement result WELFER

a necessary and not a sufficient aspect — A~ EMAETE 57K
selectivity [ silek'tivati] n. %##E

objective [ob'dzektiv] adj. Z WK

observer [ob'zoive] n. WEFE; WEL2E

. extract ['ekstraekt] vt. HEL,

. arbitrary ['abitrari] adj. EEH, THH, RELED
. conclusion [kon'kluz(a)n] n. &g

. highly subjective BEEEMWH

. handicapped ['handikapt] adj. BEH

. magnetic fields &£

. objectivity [,obdzek'tivati] n. ZY#:

. artefact ['atifekt] n. AT5

misinterpret [misin'ta;prit] vt. B

. Mmeasurement instruments output W EXF K& H

structural information ZH{ELR

. metric information A#I{EE

. qualitative measurement [ ¥ &

. quantitative measurement ¥ B ¥ &

. nature ['neitfo(r)] n. &, &F

. respective characteristic % B {1

. empirical world ZRKHR

. abstract image % # L%

. actual empirical quantity LEFLKHEE
. mapping of elements JTE B &

. source set {HE

. empirical domain space IR 75 a]

. image set PR

. abstract range space R IRZ [

. electrical domain H &I

. measurement process NI B}

. symbol ['simb(a)l] n. FE, IS, 84
. transformation function #¥#IhRE

. assignment algorithm 4}EH %



39.
40.
41.
42.
43.

1.

abstract symbol HRHFE

employed measurement system #HHHNRNBERESE
descriptive [di'skriptiv] adj. #ARH, SARK

set theory it

relational system HMEXEREZK

Exercises

Complete the summary of the text, using no more than 3 words for each answer.

The definition for measurement such as ‘measurement is the acquisition of informa-

tion’ and ‘it must be selective’ is » because when one gathers informa-
tion, he a measurement. The definition of measurement such as ‘it
must be selective’ is because when one obtains a selected information,
he a measurement. A satisfying definition must be .
The third and necessary aspect of measurement is that it . The results
of the measurement must be . Each observer must fetch the same infor-
mation and must be led to . This is almost impossi-

ble, because an observer may use only

From the previous section an important concept is developed that measurements sets

up the essential link between and graphic compre-
hension of the world. Based on this concepts the of measurement is de-
veloped. In this theory a measurement result is a of the actual empiri-
cal quantity, and a measurement is treat as » which attributes to the _
. The measurand is an element of the . The result of
the measurement process is abstract; it forms an element in . According to the
theoretical definition, measurement is a from onto of
according to a » which consists of . The meas-
urement system is > which must be done in a ,
and way. The image set must consists of
which are with a unique meaning.

Describe why the condition listed for the third definition of measurementmentioned in the
text is impossible to be realized?

Hlustrate the satisfying definition for measurement in your own words and using your own
examples.

Describe what a role the qualitative measurement plays.

Illustrate the theoretically restricted definition of measurement.
Notes

“Measurement theory treats---of the abstract range (or image) space. ”: £HAJA[# %Y. W
BERENBER AR TERRSANBEEN TR - HEHE (KRR =
B — 8 B RET RS, A “BE” B “elements of a source set belonging



to the empirical domain space”, M{f&£ “elements of an image (or outcome) set which is
part of the abstract range (or image) space”

@ process: EMRETXHHHHER. YEEIZA LN, ¥HEE “SB”, 5§ “RE”
MR, EERA TSNS YEENSEHE IR, HEE L7, o, SHESHTL
B, %%,

Reading Material 1

Descriptions of Measurement

1. Why measuring?

Why is there so much measuring going on? Apparently to provide information about the
world that surrounds us, the observers. One reason may therefore be that we wish to add to
and to improve our perception of that world. Abstractly speaking, our aim is to increase our
knowledge of the surrounding world and the relationships that exist between characteristics,
states and phenomena in this world. This is the case even when we measure such day to day
quantities as tire pressure, body temperature (fever), etc. The gathered information enables
us to reduce seemingly complex characteristics, states, phenomena and relationships to simp-
ler laws and relations. Thus, we can form a better, more coherent and objective picture of
the world, based on the information measurement provides. In other words, the information
allows us to create models of (parts of) the world and formulate laws and theorems. We
must then determine (again by measuring) whether these models, hypotheses, theorems and
laws are a valid representation of the world. This is done by performing tests (measure-
ments) to compare the theory with reality. We have actually described the application of
measurement in the ‘pure’ sciences. We assume that ‘pure’ science has the sole purpose of

———— e world — —— — — — - image - — —
(empirical states,phenomena etc.) (abstract numbers, symbols,labels,etc.)

~__measurement processing
interpretation

measurement results

ps

———

s
o

4 hypotheses
laws
theories

——
—_—

verification(=measurement)

control/change

NS

Fig. 1.2 Measurement as the link between the real world on the one hand and its concept

in the ‘pure’ sciences (p.s) and ‘applied’ science (a.s) on the other



describing the world around us and is therefore responsible for our perception of the world.
Fig. 1.2 illustrates this schematically.

In Fig. 1. 2 the role of measurements in ‘applied’ sciences is also indicated We consider
‘applied’ science as science intended to change the world. Thereto, it will use the models,
laws and theorems of ‘pure’ science to modify the world around us. In this context, the pur-
pose of measurement to regulate, controller alter the surrounding world, directly or indirect-
ly based on the results of measurements and (existing) models, laws and theorems.

2. A Formal Description of Measurement

Let us now try to put this more formally: Assume that an empirical source set S consists
of n elements s;, so that S ={s,,5,,°*, 5,}. Let there exist & empirical relation R; between
the elements 5, € S, so R;CE™. Further, let the abstract image set I consist of m elements
iy I= {i1,43,*,1,}. Between these elements there are [ relations N;, so that N,CI™ .
Clearly, if k71, for instance, if [ is large than k&, the measurement outcome will suggest
more information than is actually present in the measurand. Similarly, if the number of ele-
ments of the two sets is not equal(m#n), for instance, n>>m, the resolution of the mapping
process may be inadequate. Therefore, for simplicity, let us assume k={ and m=n. Now ,
let there be a function f that maps the elements of S onto I. We have to assume that this
function is a single-valued, monotonic function in 5. This will ensure a unique mapping onto
I. The two relational systems (S,R, ,R;,*-, R,) and ( Z, N, ,N,,++,N.) are isomorphic if;

{51455, PER, ={ f(51)5 f(52) 5, f(s4)} EN,;
Again, the function f is implemented by the employed measurement system in the form of an
algorithm, rule or procedure.

If we require isomorphism, we ensure that the relations between the elements of S are
preserved; the structure remains the same. In other words, the information contained in the
relations is not lost during the measurement. Although the requirement for isomorphism may
preserve the structure of S, it does not define the representation entirely. It allows a certain
amount of freedom in choosing the measurement procedure. This freedom can be demonstra-
ted by transforming the measurement results using ‘legal’ transformations into new results
which contain the same information. The requirement for isomorphism does not yield a sin-
gle, unique representation, but rather a group of congruent representations. The results ob-
tained with each of these representations can be transformed into one another, without loss
of information. Such allowed transformations do not affect the structure of the empirical do-
main S. The information contained in the measurement results is invariant with respéct to
the allowed transformations. The allowed transformations therefore show exactly how u-

nique the assignment of measurement values is.

Selected from “Electronic measurement and instrument, by Klassen, Klass B. , Cambridge University Press,
1996” .

Words and Expressions

1. gathered information WAEB|KIER
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12.
13.
14.
15.
16.
17.

enable [i'neib(a)l ] vt ffiee--- HEEN

theorem ['Gieram] n. EH; EN

valid representation 75 i ¥4 A3 4% /9 BR iR

hypothesis [hai'pofisis] n. ¥, Bi%, ¥L; pl. hypotheses
schematically [ski'metiksli] #HEE Hb ‘
simplicity [sim'plisiti] n. {8 H

single-value HA{H

monotonic function B{F B ¥

. measurement constitute W4 R

isomorphic [aiseu'ma:fik] adj. EEK, (] R
preserve [pri'zewv] vt. {£¥, R

legal transformation &

yield [Gitd] v. Hp=, £, 5=

congruent representation &S HERE

monotonic [ imona'tonik] adj. HEMK; BH TN

invariant [in'vesriant] adj. TA{LH, AN n [ ] ZEX, ATE



Unit 2 Measurement of Quantities and Measurement Data

Before reading the following text, try to answer the questions:

What physical quantities are often used in test and measure technology?
What energy system do physical quantities attribute to?

How do people make standards for these physical quantities?

What important usages are there for the quantities?

What do people mean with the term ‘data’?

What are qualitative data and quantitative data?

How do people categorize numerical data?

© NP g e N

What stages will the data go through after it is collected?

1. Measurement of Physical Quantity

The physical quantities listed bellow are often used in test and measure technology. The
first 2 are commonly called as electrical quantities and the other are commonly called as elec-
trical parameters.

Usually the sensors receive the information of quantities under measurement (QUM)
and convert it into variation of electrical parameters or electrical potential, which will nor-
mally be conditioned, and then converted into the electrical quantities, specially the current,
and sent to the A/D converters.

Electrical potential difference

The primary standard for electrical potential difference used to be provided by an elec-
trochemical standard cell (the Weston standard cell) . The voltage of a Weston cell is ap-
proximately 1. 01860 V at 20°C, with an inaccuracy of 3X107° under optimal conditions. Op-
timal conditions mean a variation of temperature less than 107* K, no load, no vibrations or
jolting. The cell must remain in an upright position. A Weston standard cell has a very long
thermal after-effect. After the cell has been heated to 30°C it can take 6 months before it is
totally stable within 0. 3 ¢V of the original value at 20 degrees. Furthermore, a Weston cell
will age, resulting in an increase in the internal resistance (R;~ 500~1000Q), and a small
decrease of a few 1V in the output voltage (during the first years) .

Electrical current

Electrical current is standardized by measurement with an instrument called a ‘current
balance” . This device measures the electromagnetic force between two current carrying coils
(one fixed, one moving) by balancing it with the force of gravity, acting on a known mass.
The force between the coils is given by F = I?dM/dx, in which M is the known mutual in-
duction of the coils and z is the known distance between them. The differential quotient dM/
dz is determined by the known geometry of the coils.



